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(54) Impact modified compositions of high heat resistant amorphous resins 

(57) A thermoplastic resin composition is provided 
which contains a high heat amorphous resin; a function- 
alized elastomer compound; and a catalyst capable of 
improving the ductility of the composition; wherein said 
catalyst and said high heat amorphous resin are melt- 
mixed prior to the addition of the functionalized elas- 
tomer compound. The composition exhibits enhanced 
physical properties, specifically enhanced ductility. The 
composition is useful for making molded articles exhib- 
iting desired physical properties. 
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Description 

The present invention relates to impact modified compositions of high heat amorphous resins comprising a func- 
tionalized elastomer compound and a catalyst capable of crosslinking the functional ized compound and/or improving 
5 the ductility of the compositions. In preferred embodiments, the functionalized elastomer compound is melt-mixed with 
the high heat amorphous resin prior to the addition of the functionalized compound. The compositions of this invention 
when molded into articles have dramatic increases in several properties without sacrificing other key properties such 
as, for example, thermal properties. 

10 Description of the Related Art 

Amorphous resins having glass transition temperatures in excess of about 160°C are commercially attractive mate- 
rials because of their unique combination of properties, including, for example, high temperature resistance, dimen- 
sional and hydrolytic stability and electrical properties. Examples of such amorphous resins include, for example, 

15 polyetherimide resins, polyether sulfone resins, and polysulfone resins. Generally however, one of the drawbacks of 
these resins is typically their resistance to impact is somewhat poor, i.e., molded articles made from the high heat resist- 
ant amorphous resins are somewhat brittle. Therefore, it would be desirable to increase the impact resistance of these 
amorphous resins without sacrificing their other excellent properties. By improving the impact resistance as well as 
other physical properties such as chemical resistance and hydrolytic stability of the high heat amorphous resins, a 

20 greater number of applications would then become available for the resins. 

As previously mentioned, the polyetherimide resins are an illustrative example of high heat resistant amorphous 
resins. Polyetherimide resins are sold by General Electric Company, Mount Vernon, Indiana, under the trademark 
ULTEM resins. It is also known to impact modify polyetherimide resins using an olef inic glycidyl-methacrylate copoly- 
mer as taught by Sumitomo Chemical KK Japanese Patent Application filed March 31 , 1 983 and published October 1 7, 

25 1984,asJ5918247-A. 

However, the prior art did not disclose and apparently did not recognize the unexpected dramatic increases in 
impact strength that could be achieved with a catalyst when the catalyst and the polyetherimide are melt-mixed prior to 
the addition of the epoxy functional alpha-olefin elastomer. The compositions of this invention when injection molded 
into molded articles can have dramatic increases in impact properties without sacrificing thermal properties. 
30 Impact modified polyetherimides containing epoxy functional elastomers have been disclosed in commonly owned 
EP-A-0691380 

The inventors did not disclose in that application or recognize the unexpected dramatic increases in impact strength 
that can be achieved with a catalyst wherein the catalyst and the polyetherimide are melt-mixed prior to the addition of 
the epoxy functional alpha-olefin elastomer. 
35 It is an object of the present invention to provide compositions and methods to prepare impact modified composi- 
tions of high heat resistant amorphous resins which exhibit enhanced ductility, chemical resistance, hydrolytic stability, 
etc., while substantially retaining other key physical properties such as heat distortion temperature. 

Summary of the Invention 

40 

In accordance with the present invention, novel polymer blend compositions are prepared containing high heat 
resistant amorphous resins, functionalized elastomer compounds, and catalysts capable of improving the ductility of the 
compositions. In preferred embodiments, the catalyst is melt-mixed with the high heat amorphous resin prior to the 
addition of the functionalized elastomer compound. When the compositions are in the molded state, they exhibit dra- 
45 matically improved impact resistance, improved chemical resistance and/or improved hydrolytic stability over other high 
temperature resistant amorphous resin compositions. In addition to enhanced impact properties, the polymer blends of 
this invention exhibit good retention of the other excellent thermal properties of the base resin. 

Detailed Description of the Invention 

50 

The amorphous resins having high glass transition temperatures (hereinafter referred to as Tg) are resins generally 
known in the art Illustrative examples of useful resins include polyetherimide resins, polyether sulfone resins, poly(aryl 
ether) copolymer resins, and polysulfone resins. The Tg of high heat amorphous resins are generally in excess of about 
160°C, preferably in excess of about 1 70°C, and most preferably in excess of about 180°C. Amorphous resins that have 
55 Tg's lower than these ranges do not have sufficient temperature resistance to pursue the highest heat and hence, the 
most demanding commercial applications. Broad classes of amorphous polymers which fall outside the scope of the 
present invention are the poly(phenylene ether) resins, the polycarbonate resins, and the polycarbonate copolymer res- 
ins, such as the polyestercarbonates. 

As previously mentioned, the polyetherimide resins are useful as an amorphous resin having a high Tg in the 
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present invention. The polyetherimide resins (referred to hereinafter as PEI) are also known compounds whose prepa- 
ration and properties are described in U. S. Patent Nos. 3,803,085 and 3,905,942, both of which are incorporated 
herein by reference. 

The PEI used for preparing the blends of this invention contain repeat units in excess of 1 and typically from 10 to 
5 1000 or more of the formula (I): 



10 




A) 



15 



20 



wherein T is -O-or a group of the formula -O-Z-O- wherein the divalent bonds of the -O- or the -O-Z-O- group are in the 
3,3\ 3, 4\ 4,3', or the 4,4' positions; Z is a divalent radical selected from the group consisting of formulae (II): 
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H3C BrBr CKj 
Br 



and 



50 



(n) 




55 



wherein X is a member selected from the group consisting of divalent radicals of the formulae (III): 
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5 . 



— CyH2y 



O 



(ni) 



o 

II 

I 



and 



wherein y is an integer from 1 to about 5, and q is 0 or 1 ; R is a divalent organic radical selected from the group con- 
sisting of: (a) aromatic hydrocarbon radicals having from 6 to about 20 carbon atoms and halogenated derivatives 
10 thereof, (b) alkylene radicals having from 2 to about 20 carbon atoms, (c) cycloalkylene radicals having from 3 to about 
20 carbon atoms, and (d) divalent radicals of the general formula (IV): 



15 



(IV) 




where Q is a member selected from the group consisting of formulae (V): 
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(V) 



and —5 



25 



where y is an integer from about 1 to about 5. 

In one embodiment, the PEI may be a copolymer which, in addition to the etherimide units described above, further 
contains polyimide repeating units of the formula (VI): 



30 



35 



(VI) 
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wherein R is as previously defined and M is selected from the group consisting of formula (VII): 



(VII) 




formula (VIII): 



50 



(vm) 





55 and formula (IX): 
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(IX) 




10 



The PEI can be prepared by any of the methods well known to those skilled in the art, including the reaction of an 
aromatic bis(ether anhydride) of the formula (X): 



15 



20 



30 



(X) 



with an organic diamine of the formula (XI): 




H 2 N — R — NH 2 



(XI) 



wherein T and R are defined as described above. Illustrative diamines include meta-phenylene diamine and para-phe- 
nyiene diamine. Other useful diamines are known in the art. The PEI and their preparation are described in U.S. Patent 
No. 3,983,093 (Williams et al), which is incorporated herein by reference. 

Examples of specific aromatic bis(ether anhydrides) and organic diamines are disclosed, for example, in U.S. Pat- 
ent Nos. 3,972,902 and 4,455,410, which are incorporated by reference herein. 

A preferred class of aromatic bis(ether anhydride)s included by formula (X) above includes compounds wherein T 
is of the formula (XII): 



(xn) 




40 



45 



and the ether linkages are in the 3,3', 3, 4', 4,3', or the 4,4' positions, and mixtures thereof, and where Y is selected from 
the group consisting of: formulae (XI 1 1) : 



-O— 



_c_ , _c_ 

CH 3 



and 



(xni) 



O 
II 



so When PEI/polyimide copolymers are employed, a dianhydride, such as pyromellitic anhydride, is used in combina- 
tion with the bis(ether anhydride). 

Generally, useful PEI have an intrinsic viscosity ft] greater than about 0.2 deciliters per gram, preferably of from 
about 0.35 to about 0.7 deciliters per gram measured in m-cresol at 25°C. 

Included among the many methods of making the PEI are those disclosed in U. S. Patent Nos. 3,847,867, 
55 3,814,869, 3,850,885, 3,852,242 and 3,855,178. These disclosures are incorporated herein in their entirety by refer- 
ence for the purpose of teaching, by way of illustration, general and specific methods for preparing PEI for use in the 
blends of this invention. 

A particularly useful polyetherimide resin comprises repeating units of formula (XIV): 
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10 




O 



(XIV) 



N-R — 



15 



20 



25 



wherein R is a meta-phenylene radical and is commercially available from GE Plastics under the trademark ULTEM as 
grade series 1000. 

Another particularly useful polyetherimide resin comprises repeating units of formula (XV): 
Q O 

^ CH 3 

-C 

I 

O ^ 

(XV) 



— N 





N-R— 



30 



wherein R is a para-phenylene radical and is commercially available from GE Plastics under the trademark ULTEM as 
grade series CRS 5001. 

Another particularly useful polyetherimide resin comprises repeating units of formula (XVI): 
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40 



45 



50 



55 




wherein R is a meta-phenylene radical and is commercially available from GE Plastics under the trademark ULTEM as 
grade series 6000. 

Another particularly useful polyetherimide resin comprises repeating units of formula (XVII): 



N-R— 




wherein R is about a 60:40 mole ratio of meta-phenyl radical and a bis(gamma-propyl dimethylsiloxane) radical 
having a repeat unit average of about 10 siloxane units. This resin is available from GE Plastics under the trademark 
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10 



ULTEM as grade D9000 as an alternating copolymer resin and under the trademark SILXEM as grade STM1500 as a 
block copolymer resin. 

Additional embodiments of the invention include thermoplastic molding compositions containing poly(aryl ether) 
copolymer resins as the amorphous resin. The poly(aryl ether) copolymer resins which may be used are thermoplastic 
polyarylene-polyether-polysulfones wherein the arylene units are interspersed with ether and sulfone linkages. These 
resins may be obtained by reaction of an alkali metal double salt of a dihydric phenol and a dihalobenzenoid compound, 
either or both of which contain a sulfone or ketone linkage, i.e., -S0 2 - or -CO- between arylene groupings, to provide 
sulfone or ketone units in the polymer chain in addition to arylene units and ether units. The polysulfone polymer has a 
basic structure comprising recurring units of the formula (XVIII): 



-O-E-O-E'- 



(XVIII) 



wherein E is a residuum of the dihydric phenol and E' is a residuum of the benzenoid compound having an inert electron 
withdrawing group in at least one of the positions ortho and para to the valence bonds: both of said residua are valiantly 
15 bonded to the ether oxygens through aromatic carbon atoms. Such polysulfbnes are included within the class of pol- 
yarylene polyether resins described, for example, in U.S. Patent Nos 3,264,536 and 4,108,837, which are included 
herein by reference. 

The residuum of a dihydric phenol, E, is derived from dinuclear phenols of the formula (XIX): 



20 



(XIX) 



(A)r (A)r 
HOf Ar— R— Ar-)-OH 



25 



30 



wherein Ar is an aromatic group and preferable is a phenylene group, each A may independently be the same or differ- 
ent inert substituent groups, such as alkyl groups having from 1 to 4 carbon atoms, halogen atoms (i.e., fluorine, chlo- 
rine, bromine or iodine) or alkoxy radicals having from 1 to 4 carbon atoms, each r is independently an integer having 
a value of from 0 to 4, inclusive and R is representative of a bond between aromatic carbon atoms as in dihydroxy diphe- 
nyl, or is a divalent radical, including, for example, C(O), 0, S, S-S, S0 2 or a divalent organic hydrocarbon radical, such 
as alkylene, alkylidene, cydoalkylene, cycloalkylidene, or the halogen alkyl, aryl substituted alkylene, alkylidene, 
cycloalkylene, and cycloalkylidene radicals as well as alkarylene and aromatic radical and a ring fused to both Ar 
groups 

Typical preferred poly(aryl ether) copolymer resins comprise recurring units having the following formula (XX): 



35 



40 



(XX) 



(A)r 



(A)r 



(A), 



-<^O^ si -<0^ o -<S>-h 2 -^>- 



(A)r 



45 



50 



wherein A and r are as previously defined and R 1 and R 2 are representative of a bond between aromatic carbon atoms. 
Even more preferred are the polysulfones of the above formula comprising repeat units wherein each r is zero, R 1 is a 
divalent connection radical of the formula (XXI): 



R 3 — 



R 3 



(XXI) 



wherein R 3 is independently selected from lower alkyl, aryl, and the halogen substituted groups thereof, preferable 
55 methyl and R 2 is a sulfone group. 

The poly(aryl ether) copolymer polymers generally have a weight average (Mw) molecular weight in excess of 
about 5000. 

A particularly useful poly(aryl ether) is poly(phenyl) sulfone resin comprising repeating units of the formula (XXII): 
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(XXII) 



is commercially available from Amoco under the trademark RADEL as grade R5000A. 
10 Another particularly useful poly(aryl ether) is poly(ether) sulfone resin having repeating units of formula (XXIII): 



75 



(xxm) 



is commercially available from Amoco under the trademark RADEL as grade A300. 
20 Another particularly useful poly(aryl ether) sulfone is polysulfone resin having repeating units of the formula (XXIV): 

CH 



25 



30 



35 



40 



45 



50 



55 




(XXIV) 

is commercially available from Amoco under the trademark UDEL as grade P-1700. 

Another particularly useful poly(aryl ether) sulfone copolymer resin comprises repeating units of the formula (XXV): 




(XXV) 

is commercially available from ICI Advanced Materials under the trademark VICTREX as grade 4100G. 

Functionalized elastomeric compounds are another element of the present invention. Suitable functionalized elas- 
tomeric compounds include those compounds which contain functional groups capable of crosslinking in the presence 
of a catalyst. Examples of useful functional groups include, for example, epoxy, orthoester, nitrile, carboxyiic acid, car- 
boxylic anhydride, carboxyiic ester, and amine groups. Preferred functional groups include epoxy and orthoester. The 
functionalized elastomeric compounds include polyolefinic compounds that contain on average at least two functional 
groups per elastomeric molecule, and preferably more than two functional groups per elastomeric molecule. It is possi- 
ble for the functionalized elastomeric compounds to contain more than one type of functional species. It is also impor- 
tant that the functionalized elastomeric compound be compatible with the high heat amorphous resin. 

According to one embodiment of the invention, the functionalized elastomeric compound is added in an amount 
effective to provide a thermoplastic resin composition with improved ductility and compatibility over the same composi- 
tion without a functionalized elastomeric compound or wherein the functionalized elastomeric compound and catalyst 
have been melt-mixed at the same time. Improved ductility is indicated by increased notched Izod impact strength 
and/or a ductile failure mode in a falling dart impact test such as the Dynatup impact test. Improved compatibility is also 
meant to include the minimization of gross phase separation between the components of the blend. Indicators of 
improved compatibilization include, for example, reduced delamination tendency, increased ductility and/or improved 
phase morphology stabilization. 

The amount of the functionalized elastomeric compound is typically between about 1% to about 20% by weight 
based on the total weight of the amorphous resin, the functionalized elastomeric compound, and the catalyst. More 
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preferably, the amount of the functionalized elastomeric compound typically is between about 3% to about 10% by 
weight, and most preferably the amount of the functionalized elastomeric compound typically is between about 4% to 
about 7% by weight, all based on the total weight of the amorphous resin, the functionalized elastomeric compound, 
and the catalyst. 

5 One illustrative example of useful functionalized elastomers are the epoxy functional a-olefin elastomers. The 
epoxy functional a-olefin elastomers are preferably olefinic copolymers containing about 60% to about 99.5% by weight 
of an a-olefin and about 0.5% to about 40% by weight of a glycidyl ester of an a,p-unsaturated carboxylic acid. The 
amount of the epoxy functional a-olefin elastomer combined with the amorphous resin and catalyst is generally an 
amount sufficient to improve the overall toughness and ductility of the PEL 

10 The olefinic copolymers used in the present invention are copolymers of an a-olefin with a glycidyl ester of an a,p- 
unsaturated carboxylic acid. a-Olefin as used herein means ethylene, propylene, butene-1, etc. Among them, ethylene 
is preferred. The glycidyl esters of the a-p-unsaturated acids are compounds of the general formula (XXVI): 



wherein R 35 represents a hydrogen atom or a lower alkyl group. Illustrative examples of the glycidyl esters of a,p- 
unsaturated acids include glycidyl acrylate, glycidyl methacrylate and glycidyl ethacrylate. The epoxy functional olefinic 
elastomer is preferably an olefinic copolymer containing of from about 60% to about 99.5% by weight of an a-olefin and 
of from about 0.5% to about 40% by weight of a glycidyl ester of an a,p-unsaturated carboxylic acid, preferably of from 

25 about 3% to about 30% by weight based on the weight of the elastomer's composition. When this amount is less than 
about 0.5% by weight, no intended effects can be obtained and when it exceeds about 40% by weight, gelation tends 
to occur during melt-blending resulting in degradation of the extrusion stability, moldability and mechanical properties 
of the product. It is also possible to blend the epoxy-functional polyolefin with various non-functionalized polyolefins 
such as, for example, linear low density polyethylene (commonly abbreviated "LLDPE"), polypropylene and ethylene- 

30 propylene copolymers provided that the overall epoxy content remains within the previously described range. Suitable 
epoxy functional a-olefin elastomers include: ethylene-glycidyl acrylate copolymers, ethylene-glycidyl methacrylate 
copolymers, ethylene-glycidyl methacrylate-vinyl acetate terpolymers, ethylene-glycidyl methacrylatemethyl acrylate 
terpolymers, ethylene-ethyl acrylate-glycidyl methacrylate terpolymers. The preferred epoxy functional elastomers are 
available from Sumitomo Chemical Co. under the trademarks IGETABOND and BONDFAST, and from Elf Atochem 

35 under the trademark LOTADER. 

it should be mentioned, however, that good thermal stability is important for the functional elastomer compounds. 
In other words, the functional elastomer compound should be thermally stable at the processing temperatures of the 
particular high heat amorphous resin into which it is incorporated. For this reason, epoxy functional elastomers such as 
copolymers of ethylene and glycidyl methacrylate are preferred in resins such as polyetherimide because terpolymers 

40 which include materials such as vinyl acetate, ethyl acrylate or methyl acrylate, are more susceptible to thermal degra- 
dation at very high processing temperatures. 

The compositions of the present invention may also contain at least one impact modifier that is not functionalized 
as previously described. Suitable impact modifiers for high heat amorphous resins are well known to those skilled in the 
art. 

45 The polymer mixture according to the invention comprises as a third constituent a catalyst which when utilized in 
the manner of the present invention results in an increase in the ductility of compositions containing the high heat amor- 
phous resin and a functionalized elastomer when compared to the same composition either not containing the catalyst 
or prepared in a manner outside the scope of the present invention. Illustrative examples of useful catalysts include: 
non-elastomeric metal salts, inorganic additives such as Ti0 2 , Silica, ZnO, ZnS, etc. as well as other catalysts known 

so to crosslink the given functionalized elastomer compound. It is also preferred that the catalyst be the type of material 
which has an affinity for the functionalized elastomer compound such that it will migrate within the high heat amorphous 
resin so as to make contact with the catalyst rather than remaining isolated within the high heat amorphous compound. 

Suitable metal salts are inorganic or organic salts, more preferably metal salts of organic acids. Suitable organic 
acids are saturated and unsaturated aliphatic carboxylic acids, aromatic carboxylic acids, aliphatic and aromatic sul- 

55 phonic or phosphonic acids and salts of alkyl hydrogen sulphates. 

Specific organic acids include, but are not restricted to: benzoic, palmitic, lauric, acetic, stearic, gluconic, as well as 
dodecyl benzene sulphonic acids. 

Suitable metal salts may be taken from a broad range of metals. Among these, calcium, aluminum and zinc are pre- 
ferred, but this does not preclude metals such as sodium, lithium, potassium, barium, beryllium, magnesium, copper, 



15 



H 2 C=C-C-0-CH 2 -CH-CH 2 




(XXVI) 




20 
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cobalt, and iron. In particular metal salts of stearic acid are preferred due to their desirable melting points, high purity, 
and wide commercial availability. 

Also useful as catalysts for the present compositions containing the high heat amorphous resin and a functional- 
ized elastomer compounds are acidic or basic inorganic compounds and preferably small particle mineral fillers, such 
s as, for example, silica, metal oxides such as titanium dioxide, metal sulfides, fine clays, fine talcs, fine micas, and the 
like. Small particle is meant to include minerals having an average particle size less than about 45 microns, preferably 
less than about 25 microns and most preferably less than about 15 microns. Also included as catalysts are surface 
treated versions of the foregoing. Especially preferred catalysts are titanium dioxide and mixtures of titanium dioxide 
and a metal salt. 

10 By adding a catalyst to the compositions containing the high heat amorphous resin and a functionalized elastomer, 
it was surprisingly discovered that the resulting compositions had a unique combination of beneficial properties includ- 
ing high temperature resistance, excellent flow, as well as improved chemical resistance and improved hydrolytic sta- 
bility. One of the most surprising discoveries was that by combining the above components In the appropriate amounts 
and order, it was possible to create a resin composition with improved ductility. Thus, according to one embodiment of 

is the invention, the catalyst and functionalized elastomer are added to a high heat amorphous resin in an order and 
amount sufficient to provide a thermoplastic resin composition which exhibits improved properties, such as increased 
impact properties over the same composition where all the components are added together. Thus, the catalyst and 
functionalized elastomer are added in an order and amount sufficient to provide an improved thermoplastic resin com- 
position which exhibits an improvement in the notched Izod impact value of at least about 25%, preferably of at least 

20 about 45%, and a ribbed Dynatup impact strength improvement of at least about 50%, preferably greater than about 
75% with a ductile impact failure mode. 

An illustrative example of preferred impact properties for compositions where the high heat amorphous resin is a 
polyetherimide resin include notched Izod impact values greater than about 3.0 ft-lb/in, preferably greater than about 
3.5 ft-lbs/in and Dynatup impact strengths greater than about 42 ft-lbs with a ductile failure mode, preferably at least 

25 about 50 ft-lbs with a ductile failure mode. Thus, according to one embodiment of the invention, the catalyst and func- 
tionalized elastomer are added in an order and amount sufficient to provide a polyetherimide resin composition which 
exhibits a notched Izod impact value greater than at least about 2.8 ft-lbs/in, and a Dynatup impact strength of greater 
than at least about 42 ft-lbs with a ductile impact failure mode. 

The high heat amorphous resin and functionalized elastomer are preferably present in the composition at a respec- 

30 tive weight ratio between about 6:1 and about 40:1 , more preferably between about 8:1 and about 30:1 , most preferably 
between about 6:1 and about 24:1 . 

The compositions of the present invention advantageously comprise, represented as percentages by weight of 
components (A), (B) and (C) of the composition, (A) the high heat amorphous resin preferably present at a level, 
expressed as percentages by weight of the total composition, of between about 50% and about 99% by weight, more 

35 preferably present at a level of about 85% to about 97% by weight, and most preferably present at a level of between 
about 90% and about 95% by weight; (B) the functionalized elastomer preferably present at a level, expressed as per- 
centages by weight of components (A), (B) and (C) of the composition, of about 1% to about 20% by weight, more pref- 
erably present at a level of about 3% to about 10% by weight, and most preferably present at a level of about 4% to 
about 7% by weight; and (C) the catalyst preferably present at a level, expressed as percentages by weight of compo- 

40 nents (A), (B), and (C) of the composition, of about 0.05% to about 5% by weight, more preferably present at a level of 
about 0.1% to about 1% by weight, and most preferably present at a level of about 0.1% to about 0.3% by weight. 

Compositions of the present invention can also include effective amounts of at least one additive selected from the 
group consisting of antioxidants, flame retardants, drip retardants, dyes, pigments, colorants, reinforcing agents, stabi- 
lizers, antistatic agents, plasticizers and lubricants. These additives are known in the art, as are their effective levels and 

45 methods of incorporation. Effective amounts of the additives vary widely, but they are usually present in an amount less 
than about 5 or 10% with the exception of some flame retardants and reinforcing agents which can be used up to about 
30% or more by weight, based on the weight of the entire composition. 

The high heat amorphous compositions of the present invention may also be blended with other plastic resins 
which provide for an improved balance of properties. For example, it is contemplated that the high heat amorphous res- 

50 ins may be blended with other amorphous materials such as polycarbonate resins, poly(ester carbonate) resins, 
poly(phenylene ether) resins, polypheny! carbonate) resins, etc. The high heat amorphous composition of the present 
invention are preferably free of certain thermoplastic materials, and more specifically are preferably free of polyamides, 
polyesters, liquid crystalline polymers and poly(aryiene sutf ide)s. The composition preferably consists essentially of the 
above ingredients, and more preferably consists of the above ingredients. 

55 The preparation of the compositions of the present invention is normally achieved by intimately admixing the ingre- 
dients under conditions for the formation of an intimate blend. Such conditions often include mixing in single or twin 
screw type extruder or similar mixing device which can apply a shear to the components, tt is desirable in the present 
compositions that the high heat amorphous resin and the catalyst are added together prior to the addition of the func- 
tionalized elastomer. In other words, it is preferred that the high heat amorphous resin and the catalyst be premixed 
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prior to being mixed with the functionalized elastomer in order to achieve the desired morphology and properties of the 
present compositions. 

While separate extruders may be used in the processing, these compositions may also be prepared by using a sin- 
gle extruder having multiple feed ports along its length to accommodate the addition of the various components. For 
s example, the high heat amorphous resin and the catalyst can be added to the throat of the extruder and the functional- 
ized elastomer added at a point downstream from a mixing section. Additional optional ingredients could be added 
either downstream or upstream. For example, it is often advantageous to add glass ftoer into a port near the end of the 
extruder in order to minimize the fiber breakage from overcompounding in the extruder. It is also sometimes advanta- 
geous to employ at least one vent port in each section between the feed ports to allow venting (either atmospheric or 
w vacuum) of the melt Those of ordinary skill in the art will be able to adjust blending times and temperatures, as well as 
component addition, without undue experimentation. 

It should also be clear that improved molded articles prepared from the compositions of the present invention rep- 
resent an additional embodiment of this invention. 

The thermoplastic compositions may be molded into articles which exhibit desired levels of toughness, chemical 
is resistance and hydrolytic stability. Specifically, the thermoplastic compositions are useful in making automotive parts for 
under the hood applications, needing both solvent resistance and high heat distortion temperatures, as well as food 
applications needing both high heat distortion temperatures and hydrolytic stability. 

All patents and references cited herein are incorporated by reference. 

The following examples are provided to illustrate some embodiments of the present invention. They are not 
20 intended to limit the invention in any aspect. All percentages are by weight based on the total weight of the entire com- 
position, unless otherwise indicated. 

Examples 

25 Blends were compounded on a 30 mm twin screw extruder at 350 rpm. All raw materials were dry blended and 
charged to the feed throat. The extruder barrel set temperature was set to approximately 330°C. Dried, pelletized 
blended material was then injection molded, also at 350°C into standard 1/8 inch test pieces for measurement of Izod 
impact strength according to ASTM D256, Dynatup (energy to fracture in the falling dart test) strength according to 
ASTM D3763 (using 4 inch diameter by 0.125 inch disks) and ductility was determined by visual inspection of the 

so impacted specimens. The viscosities were measured under the described conditions using an Instron capillary rheom- 
eter at 337°C, 5 kg of weight. 

The polyetherimide resin (PEI) was Ultem® 1000 and/or Ultem® 1040 obtained from General Electric Company. 
BF-E is (polyethylene-co-12% glycidyl methacrylate) obtained under the trademark BONDFAST E from the Sumitomo 
Chemical Co., Ltd. Ti0 2 is titanium dioxide obtained from SCM as grade RCL69. 

35 Formulations 1 and 3 are control sample comprising the PEI without the epoxy functional a-olefin elastomer and 
metal salt. Formulations 2 and 4 are compositions comprising the PEI and the epoxy functional a-olefin elastomer. 
Although Formulation 2 achieved a ductile failure mode, it lacked good flow capabilities. By adding Ultem 1040 to For- 
mulation 2, the flow was increased (see Formulation 4), but impact properties were compromised. 

40 

Table 1 



FORMULATIONS: 


1 


2 


3 


4 


Ultem® 1000 


100 


95 


80 


75 


Ultem® 1040 






20 


20 


Bondfast E 




5 




5 












PROPERTIES: 










Notch Izod Impact, ft-lb/in 


0.8 


2.9 


0.6 


2.5 


Meri Flow Index g/ 10 min 


07 


5 


13.6 


9 


Dynatup Impact, ft-lb 


46 


40 


9.2 


40 


Failure Mode* 


100%B 


100%D 


100%B 


60%D 


Ribbed Dynatup Impact, ft-lb 


3.6 









* D is ductile failure mode; B is brittle failure mode. 
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Formulation 5 exemplifies all elements being throat fed. In Formulation 6, the ULTEM was precompounded with the 
Ti0 2 and Bondfast E was added on the second extrusion. In Formulation 7, ULTEM was precompounded with the Bond- 
fast E and Ti0 2 was added on the second extrusion. In Formulation 8, ULTEM and Ti0 2 were fed into the throat and 
5 Bondfast E was added downstream. In Formulations 9-14, the ULTEM was precompounded with the Ti0 2 , HDPE, 
Sodium Stearate and/or Irgafos 168, and Bondfast E was added on the second extrusion. 
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55 



Unexpectedly, the physical properties of Formulations 6 and 8 were significantly better than Formulations 5 and 7 
where the catalyst and functionalized elastomer were throat fed or where the catalyst was added downstream. For 
example, notched Izod impact and the Dynatup impact strength of Formulations 5 and 7 were less than half that of For- 
mulations 6 and 8. 
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Formulations 11-14 are also illustrative of the present invention wherein the PEI and a mineral filler as the catalyst 
were pre-mixed prior to the addition of the functionalized elastomer. Applicant unexpectedly found that the physical 
properties were significantly enhanced with premixing the PEI and the catalyst (e.g., the Ti0 2 or NaSt). For example, 
test specimens molded from Formulations 11-14 had a Dynatup impact strength of about 47-54 ft-lbs with a ductile fail- 
5 ure mode as compared to 1 5 and 27 ft-lbs and a brittle failure mode for Formulations 5 and 7 wherein all the ingredients 
were added at the same point or where the catalyst was added downstream. The notched Izod impact strength also 
surprisingly increased from 2.1 and 2.2 ft-lbs/in in Formulations 5 and 7 to 4.2, 2.7, 3.0 and 4.5 ft-lbs/in in Formulations 
11-14, respectively. 

The following additional examples were performed to illustrate the chemical resistance of compositions according 
10 to the present invention by measuring the tensile strength, tensile elongation, impact and flexural modulus of several 
compositions before and after autoclave testing in steam at 275 °F and 20 psi for cycles of 35 minutes. Table 3A repre- 
sents the compositions tested and Table 3B reports the physical properties identified above before testing and after 
2000 and 3000 cycles of autoclave testing. . 



Table 3A 



Formulation 


15 


16 


17 


18 


Ultem® 1000 


100 




93 


73 


Ultem® 1040 








20 


Ti0 2 






2 


2 


Bondfast E 






5 


5 


Ultem® CRS5001 




100 
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Table 3B 



Formulation: 


Initial TS 


2000 


3000 
Cycles 


Initial TE 


2000 
Cycles 


3000 
Cycles 






14000 


13500 


60 


3.6 


3.3 


1fi 


1 Asnn 


11000 


8900 


70 


12 


2.2 


1 1 


iqcnn 

1 Ov/Wlf 


1 1000 


11800 


56 


11 


11 


1ft 
ID 


1 OJUU 


1 1000 


11200 


56 


13 


9.1 




Initial If Ml 


£UUV vjvlvv 


1000 Cvcles 


Initial Nil 

II IIUUI 1 111 


2000 Cvcles 

fcWWW ^^jW*Ww 


3000 Cycles 


13 


O? 


A ft 


•r.*r 


0.8 


0.5 


0.6 


! ID 


Of 


O't.P 


1R 


1 0 


1.2 


1.3 


« * 


Af\ 
«HJ 


oo 




5 5 


3.6 


3.4 


4 Q 
IO 








44 


3.2 


3.3 




Initial IWN 
imilal L/TrM 




1000 CvrtfiQ 


Initial RDYN 

■ ilium nui n 


2000 Cvcles 

fcWWW \^TWlW*J 


3000 Cvcles 


10 


A7 


o.y 


O ft 
£.0 


o.u 


6.5 




lb 


O I 


it it 


fcO 




3.5 


11 


1 / 


oy 


4.1 


OO 


19 


20 


14 


18 


41 


47 


39 


18 


19 


13 




Initial FM 


2000 Cycles 


3000 Cycles 








15 


480000 


490000 


500000 








16 


452000 


452000 


486000 








17 


444000 


444000 


458000 








18 


454000 


456000 


463000 








TS: designates the tensile strength in psi; 

TE: designates tensile elongation in percent (%); 

UNI: designates unnotched Izod of 1/8" test specimens impact in ft lbs/in.; 

Nil: designates notched Izod impact of 1/8" test specimens in ft lbs/in.; 

DYN: designates dynatup impact in ft-lbs; 

RDYN: designates ribbed dynatup impact in ft-lbs; and 

FM: designates flexural modulus in psi. 



As can be seen from the above examples, by adding a catalyst to the high heat amorphous resin followed by the 
45 downstream addition of a functionalized elastomeric compound, the chemical resistance of the high heat amorphous 
resin (e.g. r polyetherimide) was improved dramatically. At this time the present inventors are still uncertain as to the 
mechanism by which the catalyst and functionalized elastomeric compound serve to increase so profoundly the chem- 
ical resistance of the high heat amorphous resin as these compounds were not previously know by the inventors to be 
linked to increased chemical resistance. 
so The data in Table 4, below, was accumulated as a result of autoclave testing which was performed to evaluate the 
heat and hydrolytic stability of the compositions of the invention. The Chemiclave Cycling was performed in a vapo-steril 
solution at 270°F and 20 psi for twenty minutes per cycle. 

Gamma: Samples were exposed to Doses of 2.5 MRads, 6 MRads and 10 MRads. Tensile specimens were evalu- 
ated for physical properties. 

55 EtO: Samples were exposed on pure EtO cycles with the following parameters; 26-28" Hg, Relative Humidity was 
45.60%, Dwell @ 15 min. sterilization agent was 100% ethylene oxide (EtO), and a temperature of 125°F. Exposure 
time was approximately 8 hours. 

TS indicates the tensile strength of the compositions in psi and DYN indicates the Dynatup impact of the composi- 
tions in ft-lbs. Formulation 19 was made from 100 parts polyetherimide and Formulation 20 was made from 93 weight 
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parts of the same polyetherimide with 2 parts Ti0 2 throat fed and with 5 parts Bondfast E added downstream. 



Table 4 



10 





Initial 


100 
Cycles 


250 
Cycles 


350 
Cycles 


500 Cycles 


Chemlclave Cycling - WIDT Bllogic 












Formulation 19- TS 


15200 


14800 


14100 


14600 


14200 


Formulation 19 - DYN 




1.2 


2.6 


1.4 


2.0 


Formulation 20 - TS 


13000 


13100 


12800 


12200 


13300 


Formulation 20- DYN 




17.7 


7.5 


6.7 


9.9 


Gamma and EtO 


Initial 


2.5 Mrads 


6 Mrads 


10 Mrads 


EtO Exposure 


Formulation 20 - TS 


13180 


13320 


13320 


13400 


13230 



20 As can be seen from the above experiments, Formulation 20 according to the present invention had dramatically 
improved impact properties as compared to pure polyetherimide (Formulation 19), and even after 500 chemiclave 
cycles the impact of Formulation 20 was several times better than the pure polyetherimide. 

It should be clear that the preceding examples are meant to be illustrative of the present invention and are not 
intended to limit the present invention. 

25 

Claims 

1 . A composition comprising: 

30 (a) a high heat amorphous resin; 

(b) a functionatized elastomer compound; and 

(c) a catalyst capable of improving the ductility of the composition. 

2. The composition of Claim 1 wherein component (b) and component (c) are added in an order and amount sufficient 
35 to provide a thermoplastic resin composition which exhibits an improvement in the notched Izod impact value of at 

least about 25% and a Dynatup impact strength improvement of at least about 50%, with a ductile impact failure 
mode, over the same composition where the components are added simultaneously. 

3. The composition of Claim 2 wherein component (b) and component (c) are added in an order and amount sufficient 
40 to provide an thermoplastic resin composition which exhibits an improvement in the notched Izod impact value of 

at least about 45% and a Dynatup impact strength improvement of at least about 75% with a ductile impact failure 
mode over the same composition where the components are added simultaneously. 

4. The composition of any preceding claim wherein the catalyst is melt-mixed with the high heat amorphous resin prior 
45 to the addition of the functionalized elastomer. 

5. The composition of any preceding claim wherein the high heat amorphous resin is selected from the group consist- 
ing of polyetherimide resins, polyether sulfone resins, poly(aryl ether) copolymer resins, polysulfone resins, and 
blends of the foregoing. 

50 

6. The composition of claim 1 wherein the catalyst and order of mixing of components (a), (b), and (c) results in a 
100% increase in ductility as measured by ribbed Dynatup impact when compared to the same composition not 
containing component (c). 

55 7. The composition of any preceding claim wherein the catalyst is a metal salt or a small particle mineral filler. 

8. The composition of any preceding claim wherein the functionalized elastomer compound is an epoxy functional 
alpha-olef in elastomer 



16 



!|| |tl'!IH«l1 Jl 'lllll I 

(11) EP 0 755 980 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: (51) Int. CI. 6 : C08L 79/08, C08L 81/06, 

08.04.1998 Bulletin 1998/15 Q08L 71/1 2 

(43) Date of publication A2: 

29.01.1997 Bulletin 1997/05 

(21) Application number: 96305166.9 



(22) Date of filing: 12.07.1 996 



(84) 


Designated Contracting States: 


• Cooper, Stephen Michael 


DE ES FR GB IT NL 


Newburgh, Indiana 47711 (US) 


(30) 


Priority: 25.07.1995 US 507683 


(74) Representative: 


Szary, Anne Catherine, Dr. et al 


(71) 


Applicant: 


London Patent Operation, 




GENERAL ELECTRIC COMPANY 


GE International, Inc., 




Schenectady, NY 12345 (US) 


Essex House, 






12-13 Essex Street 


(72) 


Inventors: 


London WC2R 3AA (GB) 


• 


Nazareth, Darryl 






Evansvlfle, Indiana 4771 5 (US) 





(54) Impact modified compositions of high heat resistant amorphous resins 



(57) A thermoplastic resin composition is provided 
which contains a high heat amorphous resin; a function- 
alized elastomer compound; and a catalyst capable of 
improving the ductility of the composition; wherein said 
catalyst and said high heat amorphous resin are melt- 
mixed prior to the addition of the functionalized elas- 
tomer compound. The composition exhibits enhanced 
physical properties, specifically enhanced ductility. The 
composition is useful for making molded articles exhib- 
iting desired physical properties. 



EuropSisches Patentamt 
( 1 9 ) t))i) European Patent Office 

Office europ6en des brevets 



a 

o 

00 

o> 

in 
m 
r- 

o 

CL 
LU 



Primed by Xerox (UK) Business Services 
2.15.12/3.4 



EP0 755 980 A3 



European Patent PARTIAL EUROPEAN SEARCH REPORT Application Number 

Office which under Rule 45 of the European Patent Convention EP 96 30 5166 

Bhalt be considered, for the purposes of subsequent 
proceedings, as the European search report 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of dooument with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.6) 



D,X f 
P 



EP 0 691 380 A (GENERAL ELECTRIC) 

* page 6, line 57 - line 58; claims 1-6; 
examples * 

DATABASE WPI 

Section Ch, Week 9330 

Oerwent Publications Ltd., London, GB; 

Class A26, AN 93-240147 

XP002054005 

& JP 05 163 433 A (NIPPON GE PLASTICS KK) 
, 29 June 1993 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 014, no. 202 (C-0713), 25 April 1990 
& JP 02 041355 A (MITSUBISHI RAYON CO 
LTD), 9 February 1990, 

* abstract * 



-/- 



1,5.7-1G 



1,5,7-18 



C08L79/08 
C08L81/06 
C08L71/12 



1,5,7-1G 
1,5,7-lG 

1,5,7-1G 



TECHNICAL FIELDS 
SEARCHED (lntCt.6) 



C08L 



INCOMPLETE SEARCH 



The Search Otvition considers that the present application, or some or a8 of it* dams, does/do 
not comply with the EPC to auoh an extant that a meaningful search into the state of the ait cannot 
be carried out, or can only be oamed out parbafly, tor the foflowing claims: 

Claims ■earched oomptetely : 



Claims searched incompletely : 
Claims note 



Reason for the limitation of the aearah: 

see sheet C 



Place of eearcb 

BERLIN 



Dale of completion of the search 

4 February 1998 



Examiner 

Boeker, R 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

dooument of the sams category 
A : technological background 
O : non-written disclosure 
P : Intermediate dooument 



T : theory or principle underlying the invention 
E : earlier patent dooument, but pub lis ho d on, or 

after the filing date 
D : document cited in the application 
L : dooument cited for other reasons 

1 "member of the aame patent family, corresponding 
dooument 



2 



EP 0 755 980 A3 



European Patent 
Office 



PARTIAL EUROPEAN SEARCH REPORT 



Application Number 

EP 96 30 5166 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



X,D 



X 
X 



X 
X 
Y 



Citation of document with indication, where appropriate, 
of relevant passages 



DATABASE WPI 

Section Ch, Week 8448 

Derwent Publications Ltd,, London, GB; 

Class A26, AN 84-296951 

XP002054O06 

& JP 59 182 847 A (SUMITOMO CHEM CO LTD) , 
17 October 1984 

* abstract * 

US 5 430 102 A (R. GLASER ET AL.) 

* column 9, line 56 - column 10, line 19; 
claims * 

WO 91 10708 A (GENERAL ELECTRIC) 

* page 15, line 11; claims; examples * 

US 5 196 482 A (P. STAHL ET AL.) 

* column 11, line 59 - line 68 * 

* column 12, line 19 - line 28 * 

* column 13, line 12 - line 15; claims; 
examples * 

WO 92 18570 A (GENERAL ELECTRIC) 

* page 22, line 26; claim 1 * 

US 5 153 263 A (P. LIU ET AL J 

* column 9, line 15 - line 40; claims * 

WO 93 04130 A (GENERAL ELECTRIC) 

* claims * 



Relevant 
to claim 



1,5,7-10 



1,5,7-10 



1,5,7 
1,5,7 



1,5 
1,5,7 
1,5,7-1G| 



CLASSIFICATION OF THE 
APPLICATION (MtCI.6) 



TECHNICAL FIELDS 
SEARCHED (lnLCL6) 



3 



EP 0 755 980 A3 



J) 



European Patent 
Office 



INCOMPLETE SEARCH 
SHEET C 



EP 96 30 5166 



Application Number 



Claim(s) searched completely: 
none 

Claim(s) searched incompletely: 

1-10 (only with respect to PEI) 

Claim(s) not searched: 
2, 3, 6 

Reason for the limitation of the search: 

I. Independent Claim 1 comprises many obscurities: 
1. amorphous resin: 

According to the description a broad class of amorphous resins, such as 
PPEs, PCs, fall outside the scope of the invention (see page 3, lines 10 
- 13). Nevertheless they are encompassed by the present wording of Claim 
1. Obvously essential features are missing concerning the envisaged 
amorphous resins. 

Futhermore the vague expression "high heat" together 
with "amorphous resin" renders Claim 1 even more obscure. 
2. 

functional zed elastomeric compound: According to the description (page 
13, par. 1) some of the elastomers encompassed in Claim 1 (see page 12, 
lines 23 - 28) are not thermally stable at the compounding temperatures 
and should therefore not be used together with polyetherimides, which is 
the preferred amorphous resin of the application. 
It appears that 

essential features are missing, necessary for the performance of the 
invention. 

3. catalyst: The term "catalyst" used in independent Claim 1 
(and the description) is unclear. According to the description (page 13, 
line 14 - page 14, line 16) the "catalyst" may be chosen from a broad 
range of compounds, such as metal salts and mineral fillers. Obviously 
not a catalyst within the usual chemical meaning, i.e. a compound 
influencing the reaction rate, is intended. Titanium dioxide which is the 
only "catalyst" used in the worked examples is a pigment or mineral 
filler but certainly not a catalyst. 
Claims 2, 3 and 6 are unclear: It is 

impossible to determine the order of addition of the components from the 
properties of a given composition. Furthermore, the compositions are 
defined by means of a result to be achieved; however, the claims should 
specify the means (in terms of technical features) which are necessary to 
achieve the desired result. 
II: Therefore, the search has been made 

only with respect to polyetherimides (PEI) mentioned in the worked 
Examples. During this search the general inventive idea has been taken 
into account. 



4 



